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Abstract 

An  electron  In  e lattice  potential  together  with  the  phonon  roodee  o*' 
the  lattice  are  treated  an  o e Ingle  combined  system  for  whtch  the  wave 
functions  ere  products  of  Bloch  functlone  for  the  electron  and  v,ermlte 
polynomial  oscillator  functions  for  the  normal  reodee  of  the  lattice  vib- 
rations. ‘"he  classical  oecllletory  motion  of  the  lattice  points  Is  re- 
placed bv  the  probability  dlatr Ibutlone  of  the  oscillator  wave  functions, 
end  the  modulation  of  the  lettloe  potential  bv  the  phonon  modes  deoends 
only  on  the  electron  position  coordlnatee  end  on  the  generalized  coord- 
inates o#  *he  phonon  modes  - !♦  Hoes  no*  der»*nd  e ml lclt.lv  on  the  time. 

Steady  "resonance"  etetes  o'*  the  combined  system,  electron  plus 
phonon,  ere  shown  to  exlete  In  which  a etnple  quantum  of  phonon  energy 
peaces  beck  end  forth  between  electron  end  lattice,  the  total  rnerpy  Is 
con8Srved,  and  the  normalization  of  the  combined  eigenfunction  la  e conat- 
ant  Independent  of  time.  The  electric  current  cerrled  In  these  steady 
atatee  can  have  eny  arbitrary  value,  end  tha  phonon  modulated 

lattice  hae  ebeolutely  zero  resletence. 

Electrical  resletence  ie  considered  due  to  random  transitions  among 
t^e  phonon  oeclllp'or  states  of  the  lattice,  stlarulrted  by  thermal  fluct- 
uations, and  the  significance  of  thin  "or  the  theory  of  superconductivity 
Is  briefly  discussed. 
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Introduction 

Consider  some  quantum  mechanical  problem  vlth  a Hamiltonian  HQ 
whose  eigenfunctions  are  known.  Let  the  Hamiltonian  be  perturbed  to  H 
with  unknown  eigenfunctions.  The  standard  procedure  ts  to  look  for 
these  unknown  elgenfunotlons  in  tha  form  of  llneer  comb Iret Ions  of  the 
unperturbed  slgenfuncHons  of  HQ,  with  coef ''Iclents  that  may  ba  functions 
of  the  time.  If  the  system  Is  Initially  prepared  In  one  of  the  unperturbed 
states,  the  perturbation  switch  on  at  time  aero,  end  switched  of*  again  at 
time  t,  the  square  modulus  of  any  one  of  the  coefficients  equals  the  prob- 
ability that  the  corresponding  eigenvalue  bs  found  by  an  observation  made 
after  time  t. 

When  however  the  oerturbatlon  la  essentially  a difference  between  the 
true  “amlltonlsn  H end  an  Brbltrcry  but  convenient  Fq,  and  Is  present 
permanently,  one  Is  not  free  to  use  the  coefficients  to  oelculats  trans- 
ition probabilities  between  the  unperturbed  states,  which  are  In  this  orae 
purely  fictitious . 

This  la  specially  Important  when  the  Heotltonlsn  F contolns  time  ex- 
plicitly. For  example  one  mry  consider  p lattloe  potential  perturbed  by 
en  elastic  vibration.  The  conventional  calculation  then  gives  the  trans- 
ition probabilities  for  an  sleotron  to  moke  jumps  from  one  elgenstste  of 
the  unperturbed  lattice  to  another,  due  to  the  perturbation,  the  enerev 
difference  being  te'^en  care  of  by  the  acoustlcrl  energy  quants.  '"his  ts 
In  fact  the  basis  of  the  standard  theory  of  sleotrlcpl  resistance.  But 
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if  tho  e luetic  vLbrction  la  & stendlng;  wave,  i.e.  e permanent  feature  of 
the  problem,  these  trenaltlon  probeblllt lea  ere  purely  fictitious,  because 
the  electron  cannot  be  prepared  In  on  eigenstate  of  the  unperturbed  lettlce 
in  the  flr8t  place,  the  elastic  vibration  switched  on  at,  tlree  zero  snd  off 
again  prior  to  the  next  measurement.  The  vlbretlon  le  present  all  the  tlree 
and  the  electron  must  be  In  2 state  appropriate  to  this  more  complicated 
field. 

The  correct  ploture  must  be  developed  as  follows:  the  system  Includes 
both  electron  end  lattice  with  Its  spectrum  of  normal  modes.  The  Hamiltonian 
of  this  syetla  Involves  thrse  terms:  *hr  electron,  the  phonons,  end  the  Inter- 
action between  them  that  occurs  beceuse  of  the  phonon  modulation  of  the 
lattice  potential.  j\ny  wave  function  for  such  a Herr.lltonlan  la  a product  of 
two  factoro:  (t)  a function  of  the  electron  coordinates  and  time,  and  ( ll) 

0 function  of  the  generrll7ed  coord 'netes  of  the  normal  modes  and  tlma.  Tha 
resulting  e igenf unct Ions  or  the  comolete  Hemlltonlen  turn  ou+  to  be  reeonanca 
states  In  which  energy  pea  ea  between  the  electron  end  the  phonons  In  an 
oscillatory  feahlon  with  no  net  ec cumilat Ion  In  either  part.  The  square 
modulus  of  auch  an  eigenfunction  Is  Independent  of  time  end  it  represents 
a true  atecdv  state  of  the  complete  system,  electron  plus  phonona.  It  le 
not  necea^nrv  for  the  net  current  + o vanish  In  order  to  set  up  these 
steady  stetes,  and  the  phonon  modulated  lattice  ofrers  no  resistance  to 
current-carrvlng  stet.ea. 

In  a natural  crystal  switches  continually  occur.  Under  thermal  bath 
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conditions,  the  quantum  atete  of  the  phonons  Is  being  changed  In  a random 

manner;  these  random  changes  In  the  normal  modes  ere  exactly  the  foeture 

that  distinguishes  thermal  motion  from  acoustical  vibrations  that  arise 

from  a coherent  source,  /.n  externally  stimulated  transition  In  the  phonon 

state  of  the  lattice  - stimulated  by  a temporary  perturbation  from  the 

thermal  bath  - will  induce  transition!  In  the  electron  stetee  and  gif*  riae 

to  resistance.  These  switches  however  are  from  one  phonon  modulet.er.  state 

sfWe 

to  another,  not  from  one  unmodulated  lattice. to  another.  In  the  new 

A 

picture  one  hea  to  prepare  the  combined  system  In  one  of  the  phonon  modulated 
states,  fhen  switch  on  +he  thermcl  perturbation  and  c^cul  ate  trrnat* 'on 
probabilities  to  the  steady  states  In  the  new  phonon  modulation. 

In  this  paper  v®  first  develop  the  general  formalism  far  enough  to 
prove  the  existence  of  ateedy  cur rent-cerry Ing  stotes  In  the  coherent  phonon 
modulated  lattice.  Then  v;e  give  en  approximate  +heory  which  mo y turn  out 
to  be  more  useful  In  leter  aopllcetlons  of  these  new  concepts  to  the  detelled 
theory  oftfcalatence  end  superconductivity,  "’he  theory  of  tr^raltlona  Induced 
by  thermal  perturbations  o'"  the  phonon  modulations  la  reserved  for  a leter 


paper . 
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The  steady  states  of  the  phonon  modulated  lattice 


""o  describe  the  combined  system,  electron  plus  phonon,  we  shell  use  for 
the  electron,  eigenfunctions  Uj^q)  In  en  ld**el  lattice  with  e Hamlltonlen 
HQ  end  elgenvelues  2^,  writing  a linear  combination  of  these  functions  for 
the  eTectron  factor  In  the  combined  wave  function.  Tor  the  phonone  we 
use  the  normal  moden  of  the  lettlco.  The  dieplecement  of  a lattice  point 
at  normal  position  Q due  to  the  p^h  normel  mode  le  classically 

YpC'i)  * ApeV  eos(itpl/L)  (1) 

where  Is  the  angular  frequency  o*  the  p*'*  rcoda,  and  +he  cosine  fec*or 

Is  understood  to  be  a product  of  three  cosines,  one  for  each  dimensions  of 
the  crystal  of  aide  L.  The  coefficients 

»p(t)  - ..pe‘V  (2! 

are  generalized  coordlnetee  for  the  phonon  motion,  and  the  clesslcel  Horn- 
lltorlan  In  terms  of  these  coordinates  le  well  known* 

Hohon  * - 21 2 - *Zvp?  V (5) 

P P 

e0  be  cona latent,  the  theory  must  now  treet  the  phonon  port  of  the  problem 

a 

by  replacing  the  Honlltonlen  (?)  by  an  opei^tor  end  Beak  its  eigenfunctions* 

Von*  * - * XZ" p^p2*  - Von* 

P P K 

The  elganrunctlona  for  this  operetor  rre  clerrly  products  nr  the  familiar 
Mermlte  polynomial  eigenfunctions  on  *he  slr.pla  Vrmonlc  oscll ’ p^or,  on« 
for  eech  normal  ~>odt>  coordinate,  the  eigenvalues  being  sums  of  (rr»  ^ytiWpi 
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- Tf-v-Vp2  v^p) 

whore  0^  • w_/6  end  tJ  ere  normalization  constants.  Thle  funotlon 

P P np 

depends  on  all  the  norrael  coord Inatea  yp,  and  the  state  la  specified  by 
the  set  fnj  of  quantum  numbera  np,  one  number  for  eech  mode. 

Coupling  between  the  electron  and  phonons  la  secured  through  the 
phonon  modulation  of  the  lattice  potential.  If  the  phonon  amplitudes 
are  not  too  great,  the  potentlel  modulation  la  proportional  to  the  rel- 
ative displacements  of  the  lattice  points,  so  that  we  may  write  for  thle 
potential  modulation: 

v - 2L  kp  yp  8ln(-r  pq/L)  (*) 

where  again  a product  or  three  slnee  la  understood,  q la  the  electron 
coordinate,  and  yp  the  normel  mode  coordinate  that  aprenra  also  In  eqe. 
(2)  - (5)*  vote  that.  V la  not  a function  of  time  explicitly. 

The  combined  Hamiltonian  Is  now 


H - H 


H . ♦ V 

phon 


(7) 


end  we  seek  elgenfunctlone  of  this  Harclltonlen  hpvlng  the  form 


'J'  (Jyj.q.t)  - J\ ^ 0(te,5  nj.t)  uk(q)  0(f  nj  ,j  y |,  t)  (S) 

where  the  "constants"  C(k,jn|,t)  have  to  be  determined.  Writing  this 
function  Into  the  Cchrodlnger  equation 

H ^ - Vft  a^f/dt 


(9) 
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and  cancelling  Idantloel  tarn*  due  to  the  feet  thet  the  0 ere  elgenfunctlone 
of  end  the  u'a  ere  elgenfunctlone  of  HQ,  one  obtains,  after  the  ueual 
etepe  femlllar  In  the  method  of  variation  of  conetenta: 


tfidO(  j,{m],t)/dt 


V uk(q)  tf()njfy))  dq^f  dy 

P 


X C(k,$n^,t)  expjl^E j - Bk  ♦ 2 (“p  " np)"phlt^j 


(10) 


where  fl((|nl,fy])  ®tc«,  naans  the  function  (5)  without  Ite  time  factor. 
We  can  seek  solutions  for  the  coefficients  of  the  form 

'XjJmJ.t)  - CO,J»j)  exp[-2*lW(J,fml)t  ] (11) 

where  C(  J,  JmJ)  and  W(j,|mp  ere  conatenta.  Eq.(10)  then  becomes 


2(ap  » np)tiwp]t/fi| 


- hV(Mn])SkjSfmUn] 


0(k,[n],t) 


(12) 


wher**  the  V-matrtx  la  an  obvious  abbreviation.  These  equations  are 
soluble  for  the  coefficients  0 In  the  following  wey.  First  we  take  all 
the  conatante  *J(k,fn})  the  anise,  Independent  of  the  state  (k,jnj),  cencel 
the  time  factor  of  0(k,  [n|,  t)  in  eq.(12).  We  then  accept  non-tero  coef- 
flclante  ^(k^nj)  only  for  those  states  such  thet  between  any  pair  for 
which  the  matrix  of  V la  not  zero,  the  energy  Is  conserved! 

Vsk’2(»p-  V*WP 


0 


(15) 


o 
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l 2.  j (i»i,j|v|k,Jnj)  - 


0(k,[n|  ) 


(1*0 


Eq.(12)  for  the  non-venlehing  coefflciente  then  becomes 

'A 

22 
k M| 

This  le  soluble  when  W le  one  of  the  eigenvalues  of  the  V-matrlx,  end 
because  the  latter  does  not  oonteln  time,  the  solutions  are  indeed  ooretente. 

Inspection  of  the  V metrlx  shows  that  It  venlehee  Identically  unleee 
for  one  and  only  one  normal  mode,  the  p^,  nip  • np  < 1 or  np  - 1.  Thle 
le  because  V ie  euraroed  over  all  the  normal  modee,  while  the  Integration  le  a 
product  over  the  modes,  each  multiple  Integral  containing  aa  a factor  In  the 
Integrand  only  one  normal  coordinate  yp  from  the  p^*1  term  In  V.  To  satisfy 
eq.(15)  therefore  the  atatee  j and  k must  be  auoh  that 

E^  - E^  • 1 -ftWp  for  eon*  p 


(15) 


At  the  same  tin*,  non-venlahing  If  the  V metrlx  element  requires  that  the 

* 

Integral  __ 

u j(  q)  eln(nr  pq/L)  u^C  q)  dq  -J4-  0 ( 1*) 

-J  i 

These  two  oondltlona  are  sufficient  In  general  to  determine  the  energlae 
and  Ejj  for  any  given  mode  p.  Eq.(l5)  Is  of  course  the  conservation 
of  energy  during  electron-phonon  Interaction,  while  eq.(l6)  turns  out  to 
be  conservation  of  momentum  between  phonon  end  electron. 

Ae  the  elmpleat  example,  we  oen  form  the  function  (8)  from  one  pslr 
of  Blooh  functions,  with  k end  J the  wave  numbers  for  the  eleotron  states, 
■"he  Y -matrix  Is  then  a four-by-four  ’’errltlm  matrix  with  all  ele-ente  s*ro 
except  thoae  on  the  ontl-dlegonal,  Its  eigenvalues  turn  out  to  be  \ V(n, p) 


O 
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where  V(n,  p)  - (Kp/odp2^)^J^n  * ( *7) 

From  e cleeslcal  point  of  view  theee  ore  the  amplitudes  of  the  potentiel 
wave  (8)  having  n quanta  of  energy.  If  the  velocity  of  propagation  of 
phonon  wavee  in  the  lattice  ie  e,  we  have 

wp  • 2'n'pc/L  (18) 

end  the  conservation  eqa.(15)  end  ( 1^)  yield* 


k » \p  1 mLc  A 
j - - Jp  1 mLc  A 


(19) 


where  ra  ie  the  effective  msea  of  the  electron.  ’’’he  positive  eigne 
correspond  to  positive  current,  the  lower  eigne  to  negative  current,  the 
sign  of  the  our  rent  being  arbitrary.  Taking  positive  current  only,  there 
arc  two  functions  (S)  corresponding  respectively  to  the  two  eigenvalues  of 
1 V(n, p): 


St*p  ■ (1/2?!)(uj  tfml  I uk  efn)  e*p(-2Tl3tA) 

where  E ■ 2^  v (n  ♦ ^)fiwp  Z V(n,  p) 

- Sj  ♦ (n  *»  1 ♦ J)f>wp  I V(n,  p) 


(20) 

(21) 


These  functions  ere  obviously  eteedy  states  of  the  combined  eyste?  end 
their  energies  ere  eigenvalues  of  the  metrlx  H.  Indeed,  once  we  heve  stated 
the  problem  in  the  way  we  heve  done  here,  we  could  have  written  down  the 
solutions  (20)  end  (21)  intuitively.  It  may  be  as  well  to  empheslze  again 

the  essential  difference  between  the  present  treatment  and  previous  sttempte 

* The  vectors  k and  j also  heve  to  be  parallel  to  the  vector  p in 
wave-number  space  to  get  this  simple  relationship. 
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to  describe  electron-phonon  Interactions . For  example  In  Berdeen’s  theory 
of  superconductivity  (^)  the  elastic  waves  were  thought  of  simply  es  time 
dependent  perturbations  of  the  lattice  potential,  the  lattice  points  bslng 
treeted  cleeslcally  and  actually  performing  the  oscillatory  motton  of  a 
point  In  the  class loel  simple  harmonic  fcahlon.  Likewise  FrShlleh  (2), 
although  he  recognized  the  fundamental  Importance  of  the  resonsnoe  between 
aleotrona  and  phonons  as  such,  also  accepted  the  claeelcal  picture  of  the 
vibrational  perturb at Iona,  and  used  the  transition  probabilities  (l.e. 
emleelon  matrix)  calculated  In  the  standard  fashion  from  time-dependant 
perturbation  theory.  In  the  preeent  paper  we  have  Instead  treated  the 
normal  coordlnatee  of  the  lattice  vlbretlone  quantum  mechanically,  ao  that 
instead  of  a claaaloel  point  motion  we  hBve  e wave  function  for  each  normal 
node  ooordlnate.  pure  phonon  state  of  the  lattice  now  le  represented  not 
by  a pattern  of  classical  motions  of  the  lattice  points,  but  by  a spectrum  of 
wave  functlone,  one  to  each  normal  coordinate.  Tro"  this  point  of  view  It  la 
quite  nature!  that  the  potential  Intereotlon  between  electron  and  phonons 
should  turn  out  to  he  a aarles  of  possible  eigenvalues  rether  then  a contin- 
uous function  of  the  time. 

As  mentioned  In  the  Introduction,  the  eigenfunctions  (20)  ere  etatee 
In  which  one  quantum  of  phonon  energy  peases  back  end  forth  between  the 
electron  end  the  phonons.  At  no  time  can  one  give  a definite  assignment  of 
energy  to  the  electron  alone,  nor  to  the  phonon  alone;  but  the  to*al  enerrv 
Is  fixed  ell  the  time  and  the  state  Is  steady,  Ite  normalization  being 
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independent  of  time.  There  Is  e similar  etete  for  eeeh  normsl  mods  of 
the  lattice,  end  esch  such  stets  le  quite  Independent  of  ths  exoltetlon 
of  the  other  normsl  modes  of  ths  lettloe.  This  leet  point  Is  of  course 
eessntial  to  the  whole  argument!  it  srisse  from  the  orthogonality  of  the 
oscillator  wave  functions  used  for  setting  up  the  V-metrlxxln  eo«(l^)*  end 
ie  schlsved  only  because  we  hsve  used  e completely  quantum  mechenlcel 
treatment  of  the  phonon  modes.  In  e classical  treatment  of  the  phonon 
perturbations  one  could  conceivably  achieve  e steady  state  of  an  electron 
in  a phonon  atste  consisting  of  ons  single  exoltsd  mods,  but  the  presence 
of  other  modes  - eve^n  If  only  In  their  lowest  zero-point  energy  ststae, 
would  constitute  sn  additional  time -dependent  perturbation  and  dsetroy  the 
original  atete. 

In  the  present  theory  ths  stats  of  s combined  slectr on-phonon  system 
could  bs  formed  from  any  linear  combination  of  functions  such  bs  (20)  with 
one  funotion  to  ssoh  normal  model 

SP  - 2 \\PP  w 

P v H 

A etats  of  zero  nst  current  is  obtained  If  both  solutions  (both  signs) 
snd  the  corresponding  functions  added  for  aech  mode.  The  nst  current  in 
any  ons  state  Ilka  (20)  le  seslly  shown  to  bs  a raecn  vslue  between  ths 
currents  corresponding  to  tha  electron  states  ujf  end  u^  • 
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Adiabatio  Approximation  using  'Jennie r Functions 

By  oontrest  with  the  foregoing  exact  end  completely  quonture  meohsnioel 
treatment  we  now  preeent  an  approximate  discussion  of  the  electron  elone  in 
e time -perturbed  lattice  potential,  using  the  Wennier  funetlone  (£)  for  the 
unperturbed  9tstee  of  the  electron  in  the  lattice.  The  difference  between 
the  approximate  theory  and  the  exact  treatment  aervej  to  bring  out  more 
etrongly  the  significance  of  the  latter. 

From  the  Blooh  modulated  free-electron  wave  funotione  uk(q)  we  form 
the  Wennier  funotion  over  one  31ooh  xone: 


U(q»yM)  • N"^^«“lk^uk(q)  e“lElct/4M  (25) 

where  ie  the  position  of  the  lattice  point.  We  now  consider  the 

perturbation  potential  due  to  the  lattice  vibration  of  a single  frequency 
w and  wavelength  2L/pt 

VpCbft)  • Vp  sinClf  pq/L)  ein  wt  (2^) 

We  now  make  what  might  be  termed  a queal-edlebatio  approximation,  and  assume 
that  the  vevelength  ie  extremely  long  compared  with  the  lattice  spacing,  and 
replace  the  potential  (2^)  by  the  point  funotion 

Vp(yt)  - Vp  eln(v  Q^p/L)  sin  wt  (25) 

defined  only  in  the  neighborhood  of  any  one  lattioe  point.  We  then  form 
linear  combinetione  of  the  Wennier  funetlone  with  variable  constants 


z 


U(q,0|j.fk})  •xP^(lVp/%w)  ntnft'p'yAO  °o.  | 


(2*) 


' G 


I 
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We  observe  at  once  that  thle  function  aatlaflaa  tha  3ehrodlnger  equation 

lf>*>$/&t  - H057  - Vp(a,t)<f>  - Htp  (27) 

where  H la  the  Hamiltonian  correepondlng  to  the  unperturbed  lattice, 
o 

and  Vp(%t)  can  now  be  written  Vp(q, t)  without  appreciable  error. 

The  feet  that  the  tfannler  function  U(q,Q^,fkJ)  hee  e eh8rp  maximum  et 
the  lattice  point  'Jj  permlte  the  potential  term  to  be  written  In  the 
form  appearing  In  eq.(27)  on  the  preeent  adiabatic  approximation. 

The  nature  of  thle  eolutlon,  (2*),  of  the  SchrBdlnger  equation  la 
oleerly  a ateedy  etete  beoauae  Ite  equere  modulue  la  Independent  of  time. 
The  energy  however  la  not  Independent  of  time,  but  oeclllat^ps  with  the 
phonon  frequency,  end  therefore  It  le  not  an  elgenfunotlon  of  the  Hamil- 
tonian. The  eolutlon  la  only  approximate  becauee  of  the  etep  from  eq. 

(2*)  to  (25),  a etep  that  le  eeeentlel  to  being  able  to  operete  on  (26)  by 
Hq  without  oo-elderlng  the  potential  term  In  the  exponent. 

The  utility  of  thle  approximate  eolutlon  la  thet  It  permlte  ua  to  uee 
the  3 later  method  (^)  of  perturbatlone  with  the  Wsnnler  functlone.  An 
additional  potential  perturbation  can  now  be  euperpoeed  on  the  phonon 
potentlel,  for  example  a elmple  potential  gradient  that  can  ageln  be  trene- 
leted  Into  a point  funotlon  defined  only  et  the  lattice  points: 

V - - eEq  — - e (28) 

end  the  perturbed  weve  function  becomes 

■ U(q»^*fte])  «xpj(l^)  Vp(^,t')dt*  <*  eE^t 


] 


(29) 
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Wa  can  now  uae  the  Slater  theorem  on  the  coefficients  of  thla  function 
and  calculate  the  currant  by  me  ana  of  the  fornula 

£lfi  Jj3('l)^0(/l)/^Q  - where  C((l)  means  the 

exponential  factor  In  aq.(2?)«  Thla  current  haa  two  parte,  one  the  oeoll- 
latory  current  due  to  the  Vp  term,  and  the  other  a continually  Increasing 
ourrent  of  magnitude  eSt,  thus  proving  that  the  phonon  perturbed  lattloa 
offers  no  reslatence  to  within  the  approximations  of  the  present  method. 

From  tha  point  of  view  of  general  theory  It  la  essential  to  go  through 
the  axeot  treatment  given  In  the  first  part  of  thla  paper,  to  prove  that 
the  phonon  modulation  of  a lattice  does  not  cauaa  resistance;  the  approximate 
discussion  of  thla  section  however  may  yield  Important  practical  means  of 
applying  the  theory  to  actual  crystals. 
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Scnclue lone 

The  Implications  of  thta  theory  ere  felrly  obvloue  end  quite  far 
reaching.  The  understanding  of  superconductivity  le  tied  up  with  the 
need  for  e revision  of  the  theory  of  resistance.  The  pure  coherent  phonon 
statee  have  no  resletenoe.  The  random  transitions  among  phonon  etetaa 
Induced  by  thermal  fluctuations  do  cause  reeletenoe.  At  sufficiently  low 
tempereturea  eome  of  the  higher  phonon  modee  muat  drop  Into  their  loweet 
states  with  aero-polnt  energy.  It  la  then  conceivable  that  under  aultable 
circumstances,  the  energy  available  In  thermal  fluctuation*  may  beoome  too 
low  to  exolte  these  modee  from  their  lowest  etatea.  In  euch  e epee  e 
reaonence  cen  oocur  between  electron  and  zero-point  phonon  modes,  leading 
to  juet  euch  ourrent -carry  Ing  atatae  as  described  In  this  paper.  Thle 
would  not  completely  explain  superconductivity,  because  tha  dlamagnetlo 
problem  remains,  but  It  would  ecoount  for  the  transition  between  normal 
and  superconducting  etetea. 

In  previous  work  (£)  It  was  speculated  that  rcndom  changes  of  phase 
In  tho  phonon  wevea  were  responsible  f or rae latance,  and  that  an  order- 
disorder  transition  In  the  phaeq$  was  reeponelble  for  the  transition.  In 
the  light  of  the  present  results  It  may  be  that  both  phase  coherence  and 
absence  of  energy  change  a among  some  of  the  phonon  mode  a ere  needed  for 
superconductivity . In  eny  cose  considerable  light  will  be  cast  on  thle 
question  by  e detelled  dlccuaslon  of  trcneltlons  among  the  phonon 
modulated  electron  states,  and  thla  will  be  undertaken  In  • later  paper. 
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